Abstract-We analyzed the macroscopic and histological maturity data of Argentine hake (Merluccius hubbsi) collected off Patagonia in the spawning area of the Patagonian stock of this species between 2005 and 2014 to determine the frequency of skipped spawning. This study revealed that the only evidence of skipped spawning observed for Argentine hake was the resting stage. Analysis of 58,891 adult females of Argentine hake sampled during their reproductive peak indicates that, annually, between 6% and 22% of them had skipped spawning. These females were located mostly in the periphery of the spawning area, in deeper (>90 m) and colder waters (7-8°C). Individuals that had skipped spawning had a more intense feeding activity and a better nutritional condition (K=0.68-0.75) than females collected in the main spawning area according to the Fulton's condition index. In contrast, postspawning females showed the poorest condition (K=0.62-0.68) because of the energy cost involved with reproduction. Females that had skipped spawning were mostly young individuals with a modal age of 3 years and a modal size of 38 cm TL. These results indicate that a significant proportion of females that had completed their first annual spawning could skip the next spawning event and stay on the periphery of the reproductive area to feed.
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Recruitment (i.e., the number of progeny that will survive each year to be incorporated into the population) depends (in most traditional fishery assessment models) directly on the abundance of the parental stock, or spawning stock biomass (SSB), calculated from the maturity ogive (Mace and Sissenwine, 1993; Rodgveller et al., 2016) . In iteroparous fish species that spawn repeatedly, it is assumed that once they have reached sexual maturity, all individuals reproduce on an annual cycle, i.e., the total adult fraction of the population. In recent years, evidence from many fish species indicates that this pattern does not occur for at least part of the spawning stock (Rideout and Tomkiewicz, 2011) . This phenomenon, known as skipped spawning (SS), implies that during the breeding season a proportion of the adult population does not spawn during that year. This "irregularity" in the reproductive cycle would have consequences for the estimate of the SSB because not every adult would contribute to the reproductive potential of the population. This potential issue with SSB estimates could introduce greater variability in the stock-recruitment relationship. Including the nonreproductive fish in calculations of the SSB could lead to an overestimation of the number of spawning fish and, therefore, would lead to an overestimation of expected recruitment. The degree of effect would depend on the fraction of the population affected by skipped spawning, the magnitude of which may vary between years. Different hypotheses explain the origin of skipped spawning, but most of them are associated with food deficiencies that affect energy storage before spawning activity or with unfavorable physical conditions that prevent or delay ovaries from ripening (Holmgren, 2003; Jørgensen et al., 2006; Rideout et al., 2006; Rideout and Tomkiewicz, 2011) . It has been suggested that, in general, poor nutritional conditions may not allow fish to accumulate enough energy to support egg production in consecutive years (Kennedy, 1953; Dutil, 1986) . However, the main problem in determining the origin of this "anomaly" in the annual spawning cycle is the lack of reliable historical information about a stock (i.e., data from a histological examination of gonads, as well as condition indices during the reproductive cycle) and on the oceanographic or physical features associated with the population data. Moreover, to be able to estimate a reliable index that represents the fraction of the population that does not reproduce during the year, data are needed for the entire distribution of the species, collected at different times during the reproductive cycle. For this reason, despite evidence of skipped spawning for several species, there are very few cases where this information has been incorporated into assessment models (Rideout et al., 2011) . Rideout et al., 2005 , on the basis of the morphological examination of the ovaries, have suggested that there are 3 categories of skipped spawning depending on when maturation is interrupted: retaining, reabsorbing, and resting.
Skipped spawning has been associated primarily with species that have determinate annual fecundity (Rideout and Tomkiewicz, 2011) , which is characterized by a fixed fecundity at the onset of the spawning season, when recruitment of previtellogenic oocytes to the secondary growth stage ceases (Hunter et al., 1992) . On the other hand, in species with indeterminate annual fecundity, unyolked oocytes mature continuously and are spawned throughout an extended reproductive season. This pattern of oocyte development and the extended breeding season of such species make it difficult to evaluate the reproductive history of a fish and to determine whether spawning has been skipped. Nevertheless, the identification of adult fish with ovaries in the regenerating stage during the reproductive season and the presence of adults outside of the spawning area were considered evidence of skipped spawning in fish with indeterminate annual fecundity (Rideout and Tomkiewicz, 2011) .
The Argentine hake is a batch spawner with indeterminate annual fecundity (Macchi et al., 2004) . In the Argentine sea, the Patagonian stock, located from 41°S to 55°S and with a biomass of about 1,000,000 metric tons, is economically the most important fishery resource according to a virtual population analysis in 2013 (Villarino and Santos 1 ). The reproductive activity of this stock occurs during austral spring and summer (from November through March) peaks in January (Macchi et al., 2004 , Pájaro et al., 2005 . Although on several occasions the presence of nonreproductive adult individuals has been noted during the spawning season of Argentine hake (Macchi et al., 2004) , information on the incidence of skipped spawning has not been reported for this species. The main goal of this study was to analyze the phenomenon of skipped spawning in the Patagonian stock of Argentine hake, from macroscopic and histological analyses of samples collected during research surveys during the main reproductive season of this stock over a period of 10 years. Specific objectives were 1) to determine the dominant category of skipped spawning in Argentine hake, 2) to estimate the incidence of this phenomenon in the population, and 3) to study the relationship of skipped spawning with the size and nutritional status of fish, as well as its possible relationship to environmental factors.
Materials and methods

Sample collection and laboratory processing
During 10 research surveys conducted by the Instituto Nacional de Investigación y Desarrollo Pesquero (INIDEP), carried out in the north Patagonian area in Argentina between 2005 and 2014, samples of Argentine hake were obtained from hauls of bottom trawls. These surveys were performed during the time of peak spawning of the Patagonian stock (January) in the main reproductive area of Argentine hake and in the nursery ground of this species in San Jorge Gulf (Fig.  1) . Although the area sampled during these surveys is smaller than the overall area of the distribution of the Patagonian stock of Argentine hake, we are confident that most of the adult population was sampled because individuals congregated in shallow coastal waters of the north Patagonia area during the peak spawning period (Macchi et al., 2007) . Trawling was conducted along transects regularly separated by about 37 km (20 nmi) and was oriented perpendicularly to the coastline. The same stations were visited annually. Specimens of Argentine hake were captured at depths between 50 and 120 m by employing a bottom trawl with a mouth width of about 20 m, a height of about 4 m, and a net with 20-mm mesh at the inner lining of the codend. At each sampling station, salinity and temperature data were collected with an SBE 19 SeaCAT Profiler CTD 2 (SeaBird Electronics Inc., Bellevue, WA). Data series were filtered and reduced to values of temperature and salinity to a 1 meter interval approximately.
Samples of Argentine hake were weighed, and total lengths (TLs in centimeters), sex, and maturity stage (Table 1) were recorded for each fish. A visual maturity key of 5 stages was used: 1) immature, 2) developing, 3) spawning, 4) postspawning or spent, and 5) resting or recovering (Macchi and Pájaro, 2003) . Because the phenomenon of skipped spawning involves adult females, only data from fish in maturity stages 2-5 were analyzed (Table 2 ). In addition, complementary biological data collected from subsamples of Argentine hake were also used. These data included information on the individual total weight (TW) in grams and on the degree of stomach fullness (Table 2) . Moreover, from theses subsamples, we collected sagittal otoliths for age determination (Table  2 ). Ages were determined by the methods described by Renzi and Pérez (1992) .
The macroscopic maturity scale was validated by histological analysis of 11,494 gonads of adult females collected from different trawl hauls and preserved in 10% formalin during the research cruises (Table 2). Ovaries were weighed to the nearest 0.1 g to obtain gonad weight (GW), and a portion (about 2.0 g) of each gonad was removed, dehydrated in ethanol, cleared in xylol, and embedded in paraffin. Sections were cut at a 5-µm thickness and stained with Harris's hematoxylin, followed by eosin counterstain. Histological staging of ovaries was based on the stage of oocyte development and on the occurrence of postovulatory follicles and atresia, described by Macchi et al. (2004) and Brown-Peterson et al. (2011) .
Data analysis
To estimate the incidence of skipped spawning from the macroscopic information, we calculated the percentage of rest- 
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ing females (Table 1 , maturity stage 5) within the total number of adult females (Table 1 , maturity stages 2-5) for each sample, and that percentage was weighted by the abundance of Argentine hake (number of individuals/km 2 ) estimated for each trawl haul. This information was used to determine the spatial distribution of females that had skipped spawning and to establish a percentage of this phenomenon in the studied area during peak spawning. These data were contrasted with the spatial distribution of females in the spawning stage (with hydrated oocytes) obtained from each survey by using the same method.
Size distributions of individuals that had skipped spawning and reproductive females (i.e., developing, spawning, and postspawning) obtained from the visual and histological diagnoses were analyzed. Data collected during each survey were grouped in 2 categories, SS and reproductive females, which were compared by using a Kolmogorov-Smirnov test.
The age data obtained from the subsamples of Argentine hake were used to determine the age structure of females that had skipped spawning and reproductive females for each survey. These age distributions were compared in the same way as that used to compare total lengths, but only for the period 2005-2013, because 2014 data were not available.
Data on stomach contents were used to estimate Argentine hake feeding intensity associated with size, condition, and maturity of females. The percentage of stomachs with contents (SC) was estimated for females at different maturity stages, according to the visual scale, and for each survey. Individuals with everted stomachs as a consequence of pressure changes during capture were not used in this analysis.
To assess female nutritional condition and its relationship with maturity stages (histologically determined), we used the gonadosomatic index (GSI) and Fulton's condition factor (K) for the samples collected during each survey. Because gutted weight data were not available, female TW (without ovaries) was used, according to the following equations:
and
where GW = gonad weight; and TW = total weight.
The mean values of GSI and K obtained for the different maturity stages were compared by using the Kruskal-Wallis test, after analysis for normality of the data. Generalized linear modeling was used to determine if year, TL, K, or SC significantly influenced the probability of skipped spawning during the season. Skipped spawning was analyzed as a variable with a binomial distribution: females in the resting stage were nonreproductive (probability of skipped spawning [SS]=1), and the other stages (developing, spawning, and postspawning) were considered representative of reproductive individuals (probability of SS=0). Stomach contents were analyzed as a binary variable: with (1) or without (0) content. Therefore, year and SC were modeled as categorical variables, and TL and K were modeled as continuous variables. In this study, to avoid problems of multicollinearity, age was excluded from the model because it was correlated with length. Analyses were restricted to adult fish greater than 32 cm TL because very few smaller fish were available; the length at maturity for the Patagonian stock is estimated to fall within 32-33 cm TL (Macchi et al., 2007) .
The model had a logit link function and a binomial error structure. Pseudo values of the coefficient of determination (r 2 ) were calculated to compare the proportions of the deviation by year, TL, K, and SC. This pseudo r 2 was constructed by expressing the deviance of the model as a proportion of deviance for the null model. Pseudo r 2 was estimated as the deviance in the model individually containing only the intercept (null deviance) minus the deviance after adding the mains factors, divided by the null deviance of the model containing only the intercept.
To analyze the effect of different variables in the model, the probability of skipped spawning was plotted against TL (by using a mean K of 0.67) and against K (by using a mean TL of 51.14 cm) for females with or without SC. This analysis was performed with data from all sampled trawl hauls, but because the pattern was similar between years, we provide the results only from 2012, because that year was the year with the most sampling information (Table 2 ). All statistical analyses were conducted with the statistical software R, vers. 3.2.3 (R Core Team, 2015) .
A principal component analysis was used to determine the possible relationship between the incidence of skipped spawning and some physical environmen- Figure 2 tal characteristics in the reproductive area. This study also included information on incidence of spawning, for comparison with data from females that had skipped spawning. The variables used were the percentages of females that had skipped spawning and the percentages of females in the spawning stage (with hydrated oocytes) and depth, temperature, and salinity estimated for the surface of the water and at the seafloor at sampling stations. Data collected in the nursery area of San Jorge Gulf (see Fig. 1 ) were excluded from this study. This analysis was performed with statistical software InfoStat, vers. 2009 (Grupo InfoStat, Facultad de Ciencias Agropecuarias, Universidad Nacional de Córdoba, Córdoba, Argentina).
Results
Histological analysis and designation of maturity stages
Histological analysis of 11,494 adult females, sampled during the peak spawning period (January) of the Patagonian stock between 2005 and 2014, confirmed that of the 3 categories of skipped spawning (retaining, reabsorbing, and resting), only the resting stage was observed in Argentine hake. The main characteristic of this stage is that only oocytes in the primary growth stage can be observed in the ovaries, and there is no evidence of recent maturation ( Fig. 2A) . Unlike that in juveniles, the ovarian tunic in adults is markedly thick because of the completion of previous maturation cycles (Table 1) . The other category of skipped spawning that has been described often for fish in the wild, reabsorbing or massive atresia, was not observed in Argentine hake. However, it was very common to see ovaries with oocytes in atresia, both in cortical alveoli or vitellogenesis stages, with different degrees of incidence, but all such cases corresponded with females with evidence of postspawning (Fig. 2B) . The rest of the observed maturity stages included developing ovaries with oocytes in the second growth phase, with or without postovulatory follicles and low atresia (Fig. 2C) , and active spawning, with hydrated oocytes, with or without postovulatory follicles (Fig. 2D ).
On the basis of our histological findings, we grouped adult female ovaries of Argentine hake into 4 main categories that represented the reproductive cycle: developing, spawning (with hydrated oocytes), postspawning, and resting. Table 1 shows how the features used in our histological analysis are related to the 5 stages of the visual maturity scale used in our macroscopic analysis and that the resting stage corresponds to skipped spawning.
Spatial variation with skipped spawning and with spawning
Macroscopic information collected during research surveys was used to analyze the annual spatial variation of females that had skipped spawning during the sampling period. This analysis also incorporated the percentages of spawning females (with hydrated oocytes) for comparison of the spatial variation of females that had skipped spawning and females that are in reproduction in the areas of spawning aggregation (Fig. 3) .The maps show that females that had skipped spawning predominated in the external sector outside the spawning area of the Patagonian stock, with particular abundance near the 100-m isobath and within the San Jorge Gulf. In January, when the main reproductive peak occurs, this spatial pattern remained relatively constant over the years.
The percentages of females that had skipped spawning for each survey within the area of reproductive activity of Argentine hake (see Fig. 1 ) ranged from 4% to 10%, but when the data obtained in the San Jorge Gulf were incorporated, the percentages of females that had skipped spawning increased, ranging in most cases between 10% and 15% (Fig. 4) . In January 2006 and 2014, the percentage of such females for the whole area studied reached a value close to 22%-a level that is probably due to the very large catches of Argentine hake that were recorded in the San Jorge Gulf during those years.
Size and age of females that had skipped spawning Figure 5A shows the length distributions, grouped for all years of the study that correspond with females that had skipped spawning and with females in reproductive condition (developing, spawning, and postspawning) determined from visual analysis. In comparisons of both 
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Rawson distributions, highly significant differences (P<0.001) were observed, and females that had skipped spawning were mostly composed of smaller specimens with a modal size of about 38 cm TL. On the other hand, reproductive females showed higher frequencies of individuals larger than 50 cm TL. To corroborate these results, the length distributions of females based on our histological results were also analyzed by grouping all surveys. The result was similar to that obtained by using the visual information: highly significant differences were observed in comparisons of the 2 distributions (P<0.001) and nonreproductive females generally smaller than 50 cm TL.
The analysis of the age distribution obtained from subsamples of Argentine hake between 2005 and 2013 confirmed that females that had skipped spawning were primarily younger specimens with a modal age of 3 years and that the reproductive females were mainly represented by older individuals (Fig. 5B) .
Condition indices and feeding activity
The mean GSI estimated for females that had skipped spawning was the lowest value given for females in a given maturity stage, followed by the GSI estimated for postspawning females, for developing females, and finally for spawning females (Table 3 ). The interannual variation in GSI values for different stages was relatively stable, with the widest range observed for spawning females.
When the nutritional condition, represented by K, was considered, females that had skipped spawning had mean values significantly higher (P<0.0001) than those estimated for other maturity stages (Table 3 ). In comparison, female Argentine hake that had recently completed spawning showed the poorest condition.
Results of the analysis of stomach fullness in adult female Argentine hake during the reproductive peak indicated that both females that had skipped spawning and females that recently had completed spawning (postspawning) had a higher frequency of stomachs with contents (Fig. 6) and that females in the spawning stage had the lowest percentages of feeding activity. We observed an increasing trend in the frequency of stomachs with contents toward the end of the study period (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) , particularly in the case of females that had skipped spawning.
Results from the generalized linear model confirmed that year, TL, K, and SC influenced the probability of skipped spawning during the reproductive season of the Patagonian stock of Argentine hake (Table 4) . However, although these variables were statistically significant, the amount of variation explained by these factors was very low. The model explained only 10% of the variability for the probability of skipped spawning. Total length had a negative effect in the model, which provided evidence of an increase of the probability of skipped spawning in small (<60 cm TL) adult females (Fig. 7A ). In contrast, the effect of K on the probability of skipped spawning trended positively, indicating that females that had skipped spawning were characterized by higher values and, therefore, better condition (Fig.  7B) . The effect of SC, as a binary variable, indicated that the probability of skipped spawning is higher when females have food in their stomachs, than in its relationship with both K and TL. Nevertheless, in the last case, the model results tended to merge when females were larger than 60 cm TL (Fig. 7A) .
Skipped spawning and physical variables
The first 2 principal components of the principal component analysis explained 64% of total variance (Table  5) . Principal component 1 explained 42% of total variance, and the variables most closely related to this component were the percentage of females that had skipped spawning and depth. Principal component 2 explained 22% of total variance, primarily the result of the percentage of spawning females and bottom temperature. This analysis indicated an opposite trend with the remaining studied variables (Table 5 ). An association between the highest proportion of females that had skipped spawning and deeper (>90 m) and colder (7-8°C) waters was observed. Conversely, spawning females were primarily associated with shallower coastal waters, where temperatures near the bottom were higher (9-13°C). Surface temperature and both bottom and surface salinity seem to have had no influence on the spatial distribution of female Argentine hake.
Discussion
By the year 2000, some authors mentioned the importance of considering the effect of skipped spawning in estimates of the reproductive potential of fish stocks (Livingston et al., 1997; Trippel, 1999; Rideout et al., 2000) . However, the analysis of this phenomenon in general has been focused largely on experimental studies, under controlled conditions, and on the morphological description of fish during this process (Rideout et al., 2005; Skjaeraasen et al., 2009) . In a recent review about skipped spawning, the presence of this phenomenon was reported for at least 31 species, including marine teleosts (demersal and pelagic), freshwater fish, and anadromous and catadromous species (Rideout and Tomkiewicz, 2011) . On the basis of when maturation is interrupted, 3 categories of skipped spawning have been suggested (Rideout et al., 2005) : retaining, reabsorbing, and resting. In the first category, ovaries have completed the maturation process but eggs are not released because ovulation is stopped. This interruption usually happens in specimens kept in captivity and may be due to unfavorable physical or chemical conditions in the environment or to changes in the sex ratio or sexual behavior during the reproductive process. The second category includes those cases in which all oocytes in the growing phase are reabsorbed through massive follicular atresia after oogenesis is interrupted during vitellogenesis. In the resting category, the ovaries of adult specimens capable of spawning during the reproductive season remain in a nonreproductive condition.
Among the 3 categories described for the process of skipped spawning by Rideout et al. (2005) , only the resting stage was observed in Argentine hake from the Patagonian stock in our study. Ovaries in the resting stage are characterized by the presence of oocytes in the primary growth stage and show no evidence of maturation or recent spawning. This diagnostic observed in adult specimens during the breeding peak in the repro- Table 4 Results of the generalized linear model, with the effect of year (Y), total length (TL), stomach content (SC), and Fulton's condition index (K) on the probability of skipped spawning by Argentine hake (Merluccius hubbsi) collected from the Patagonian stock in [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] ductive area is evidence of skipped spawning, as was suggested for other species (Rideout and Tomkiewicz, 2011; Rodgveller et al., 2016) . The other category of SS commonly described in natural conditions, reabsorbing in prespawning fish, has not been observed in Argentine hake, indicating that once vitellogenesis begins, most of the oocytes would develop through to the end of maturation. Massive atresia probably would be rather associated with species that have a short life cycle because the disruption of gonadal maturation is more common when the environmental conditions are not suitable for spawning. This mechanism would allow fish to divert energy for reproduction to other biological processes, such as growing and migration, until optimal conditions for reproduction are ensured (Rideout et al., 2005; Rideout and Tomkiewicz, 2011) . During January, the female Argentine hake that had skipped spawning were most often observed on the periphery of the main reproductive area, in depths close to 100 m. Considering the entire area covered during the research surveys, the highest proportions of SS females were recorded within the San Jorge Gulf, coinciding with the locations of the main aggregations of juvenile Argentine hake (Álvarez-Colombo et al., 2014) . These results may indicate a spatial segregation of SS females during the reproductive season, similar to that reported for Atlantic cod (Gadus morhua) (Rose, 1993) . Some authors have suggested that a location of spatial segregation could act as a reservoir for adult specimens of species that are exploited mainly in their spawning areas (Livingston et al., 1997) . The fact that females that had skipped spawning were primarily located on the periphery of the main spawning area, in deeper waters, indicates that the low temperature in this region may be associated with the interruption of the reproductive cycle, if the role of temperature is taken into account in triggering gonadal maturation in fish (Bye, 1984; Rideout et al., 2005) . However, it is unknown why these individuals do not move into the coastal area where ripening and spawning of Argentine hake occurs. One possible explanation is that these females choose to remain in the offshore zone in order to feed, as was suggested for a population of Atlantic cod, referred to as "Northeast Arctic cod" (Skjaeraasen et al., 2012) . In fact, the migratory circuit described for the Patagonia stock of Argentine hake indicates that by the beginning of the reproductive season, Argentine hake move from deeper waters to the coast to spawn and that, once the reproductive activity is completed, spent females return to deeper waters to feed (Macchi et al., 2007) .
Our analysis of the incidence of stomachs with contents confirms this hypothesis, given that females that had skipped spawning and postspawning females had the highest percentages of stomachs with food. Results indicate more intense feeding activity by these individuals, but with a very different nutritional condition between maturity stages. Postspawning females had the poorest condition (K=0.62 to 0.68) because of the energetic cost of reproduction, and females that had skipped spawning had the highest K values (0.68-0.75), partly as a result of the energy saving and reinforced by the sustained feeding activity.
Results from the analysis of the size and age structure for both females that had skipped spawning and reproductive females indicate that females of Argentine hake that had skipped spawning are composed mostly of young fish, 3 years old with a modal size of about 38 cm TL. The histological information confirms these results with a greater certainty than does the macroscopic diagnosis of gonads alone.
This outcome indicates that a significant proportion of females that have already experienced their first annual spawning could skip the next spawning cycle because age at first maturity for female Argentine Probability of skipped spawning K hake was estimated to be 2.6 years (Simonazzi 3 ). Jør-gensen et al. (2006) suggested that the high proportion of females of Atlantic cod that had skipped spawning corresponds with potential second-time spawners that were unable to fully recover from their first spawning. This pattern of skipped spawning, which mainly affects second-time spawners, has also been suggested for Solea solea (Ramsay and Witthames, 1996) , for Atlantic herring (Clupea harengus [Engelhard and Heino, 2005] ), and for Atlantic cod from the Northeast Artic (Skjaeraasen et al., 2012) and from Canadian waters (Rideout and Rose, 2006) . In the latter case, the authors reported that suppression of reproductive activity for this stock of Atlantic cod ranged annually from 8.4% to 55.6% of the stock, affecting primarily younger females between 40 and 49 cm TL. Such results indicate an overestimation of reproductive potential that could reach near 40%, if the proportion of skipped spawning is not considered.
A nutritional deficiency before the beginning of the reproductive season (October-November) could explain why young adult Argentine hake do not begin the annual maturation cycle and stay offshore in the feeding area during the spawning period. In January, during the reproductive peak, these fish will attain a better condition and continue feeding in deeper water. For this reason, the results of generalized linear modeling indicate higher probabilities of females that had skipped spawning with stomach contents because these females were observed mainly offshore, where the feeding activity is more intense. The relationship between the proportion of females that had skipped spawning and total length also showed a higher probability that individuals would not spawn while having food in their stomachs for fish with lengths smaller than 60 cm TL. In specimens larger than 60 cm TL, the probability of skipped spawning decreased for both females with food in their stomachs, as well as for those with empty stomachs.
These results indicate that not only larger females are reproductively active during January but also that some of them are actively feeding. In other words, larger female Argentine hake had a higher incidence of both spawning and feeding during the reproductive season than had young females, as has been previously suggested for this stock (Macchi et al., 2013) .
The analyzed data do not allow an accurate estimation of the percentage of adult females that skip the annual spawning because the research surveys did not cover the entire spatial distribution of the Patagonian stock of Argentine hake. Estimates of the percentage of females that skip spawning for the reproductive area (see Fig. 1 ) ranged between 4% and 10% of the adult females sampled during January between 2005 and 2014, but these values markedly increase when data from San Jorge Gulf were included, reaching as high as 22% in some years. However, it is important to mention that, because females that skip spawning were primarily represented by young females, the overestimation of reproductive potential may have been lower than expected because both relative fecundity and egg quality are lower in female Argentine hake smaller than 50 cm TL (Macchi et al., 2013) .
The Argentine hake is a species with indeterminate annual fecundity, i.e., with the capacity to continually recruit oocytes into the vitellogenic phase in an extended breeding season; therefore, it is possible that some females complete their gonadal maturation and their spawning outside of the normal reproductive period, as suggested by Rideout and Tomkiewicz (2011) . However, we consider it unlikely that females that skipped spawning found in January could begin the process of maturation and spawning before the environmental conditions become adverse for the growth and survival of the Argentine hake larvae. Moreover, it is noteworthy that previous histological studies performed throughout the breeding season documented the existence of females that had skipped spawning during the entire spawning period and an increase in skipped spawning toward the end of the reproductive season (Macchi et al., 2004; Pájaro et al., 2005) . Data presented here indicate that skipped spawning may be a common phenomenon in the Patagonian stock of Argentine hake and that it may be a mechanism that allows a species to regulate its energy needs for future spawning, as has been suggested for many other fish (Rideout and Tomkiewicz, 2011; Skjaeraasen et al., 2012 Skjaeraasen et al., , 2015 . However, from a fisheries assessment point of view, the effect of skipped spawning on SSB estimates should be considered. For this reason, it is necessary to continue and expand studies of this phenomenon in Argentine hake, a species that is a resource of great economic importance for Southwest Atlantic fisheries. Understanding this process, together with estimates of its incidence throughout the entire Patagonian stock of Argentine hake, may help to explain the wide variation in the stock-recruitment relationships reported for this species. Moreover, further field research is needed to understand why some individuals decide to skip spawning and some do not. For this reason, an analysis of the biochemical composition of different tissues and determination of the physiological status and feeding activity of individuals before the beginning of maturation may help to improve understanding of the mechanisms that regulate the origin and frequency of skipped spawning in Argentine hake.
